Healthcare authorities have recognized the potential of information technology (IT) 
Introduction
Medical authorities suggest implementing medical information systems into emergency services with the rapid improvements in software development technologies (Lipoff, 2001 ). Most of the developed countries encourage the health related organizations to adopt computerized systems (Edwards et al, 2008) .
Medical information systems should be carefully designed to input and retrieve accurate and reliable data of patients. Continuity of the systems mostly depends on correct and reliable storage of medical data which is extracted from the hospital process. Efficient and usable user interfaces will provide more reliable data to improve the quality of electronic health records (Kushniruk et al., 1997) .
It is a complex and time-consuming task to design and develop a "usable" software system. Many end users are facing usability problems such as learnability, flexibility and robustness with various kinds of software interfaces for computer applications, web sites or mobile devices (Saade and Otrakji, 2007) . In medical informatics, issues of usability have come to the fore with the acceptance and rejection of systems, such as computerized patient records, depending to a large extent on the degree of usability. Although it seems like a difficult task to accomplish, improved usability has the capability of reducing the errors, increasing efficiency and data security, and saving time. Therefore, organizations should be aware of the importance of usable medical information systems fto the improvement of service quality (Edwards et al, 2008) .
It is beneficial to develop strategies to simplify the integration phase of mobile devices to existing medical information systems. Applications developed for the mobile devices should use special interfaces. Using object-oriented and user-oriented methods will produce more efficient and user-friendly interfaces (Chan, 2002) . The primary target should be proving the significant role of developing more usable software to decrease the error rate while entering data by TabletPCs. Previous studies have shown the advantages of using mobile devices for data flow in hospital processes (Terry, 2002) .
In this study, a medical information system for emergency service was developed and evaluated with the actual user's participation. The system incorporates several applications and functions to track, monitor, Medical Information System With Iconic User Interfaces Yucel Batu Salman, Hong-In Cheng, Ji Young Kim, Patrick E. Patterson and enter medical information about the emergency service patients on Tablet PC. Some of them are previous diseases, family health history, diagnoses, and still used medicines. User centered developed methodology was implemented in the development phase to fix possible problems early in the development life cycle. It may help to reduce time, and cost (Wolf and Karat, 1997) . The user performance can be improved by the user-centered development methodology. The software was initially evaluated by heuristic evaluation, and finally by the ISO 9241 usability metrics. Participants' task completion performance in terms of accuracy and time was also analyzed.
This paper presents the design of the application as well as the requirement and evaluation analysis that will support the Tablet PC use in the hospital emergency service. The interfaces and menu structures were modeled by using the inputs taken from the physicians and nurses. The primary source is the printed forms which have already used in emergency service of the pilot hospital in Istanbul, Turkey. The long and detailed printed forms can cause info-phobia (Ying, 2003) . There are several fundamental differences between the use of paper records and electronic healthcare records. Paper data can be viewed from only one location but electronic data can be displayed from a set of locations by computer networks. The human eye can directly read paper data, therefore electronic data should be transformed into a readable presentation by the software. Papers are not easy to store in real life, and they can be lost. Retrieval for the paper based data takes longer time than the retrieval of the electronic data. In addition, icons used on the interfaces were also designed with the participation of the actual system users at the design phase. We believe that user-centered development methodology is useful to improve the both user and system performance.
The followings are the research questions;
1. How much of the patient information can be transferred to the electronic environment? 2. What type of screen components can be used? 3. Can user-centered development methodology improve the quality of system development and evaluation processes? 4. Can the system users adopt Tablet PC?
Each step of the design phase and the initial evaluation of the system are presented in Section 2 and 3 respectively. Section 4 shows the final software product. A usability evaluation is presented in Section 5, and the study is concluded in Section 6.
Design Phase

System Development Procedure
The main functions of the medical information system studied in this project are to enter, store, retrieve, monitor, and modify the data of each patient visiting the emergency service. Each patient is assigned a unique identification number with the data kept in a shared database. The data input process starts when the patient enters the emergency service. The crucial point is collecting the related data in a relatively short time by using a Tablet PC.
The application was developed for mobile devices. Tablet PC was selected instead of a PDA as the test platform because of the disadvantages of the PDA such as the limited software support and the smaller screen size for text intensive electronic data records. Therefore, the data entry becomes more suitable, faster, and reliable in Tablet PC with the virtual keyboard feature than PDA (Carroll, 2002) . In addition, Tablet PC supports the most commonly used operating systems and thus any PC supported software application can be installed and configured without any problem (Landro, 2003) . Not like PDA, Tablet PCs have A4 sized display.
Any computer system should be efficient in solving the interaction problems of users and satisfying them (Cooper and Kleinschmidt, 2000) . Although user requirements are the most significant basis for the system development , satisfying the user needs will not be enough to develop a usable system. The user-oriented procedure is essential to develop satisfactory and usable information systems (Rexfelt and Rosenblad, 2005) . User centered development methodology is used from analysis phase to usability analysis to support users' reactions evaluation and understand more about the application. It is important to identify the interaction problems in the development phase to save time and money. The user centered development process includes the following activities; User centered development methodology is used from analysis phase to usability phase to help evaluating user's reactions and understandings about the prototyping of the application.
We followed four main steps while developing the whole system: 1. Identify the users and usage context, 2. Figure out functional requirements, 3. Design the system from rough concepts, 4. Analyze the system usability.
The significance of usability testing of computerbased interfaces, their ability in improving the quality of interactive systems, and the advantages provided in the development life cycle have been studied in detail Koppel et al, 2005) . Healthcare industry realized the need to address human factors and usability, as more technology is introduced (Karsh, 2004; Scanlon, 2004) . Therefore, the developers in this project recognized the need to evaluate and improve usability of the system to avoid errors and ensure that expected process efficiency improvements were achieved. Designing and testing stages were supported by Nielsen's ten heuristics in the early design evaluation and fully work prototype of the emergency service software (Nielsen, 1995 
Task Analysis
The users of the emergency service medical information system are well trained nurses and physicians. Nurses primarily use the system to enter new data for the new coming patients. Physicians are responsible for updating and monitoring the data about each patient.
Interview sessions were conducted to identify the tasks for each user group. The menu is designed, and the tasks were categorized based on the printed emergency service forms. At first, we just observed the emergency cases without talking with the staff on-site to understand the situation. Emergency service staffs were then interviewed to identify the task performed for the patients. Scenarios showing staff's roles and tasks were prepared after site visit and interviews. The preparations and the findings were confirmed by the emergency service staff in every step.
Twenty-three tasks were identified and categorized into five main groups based on their similarities and priorities. Table 1 shows the list of the tasks for the emergency service medical information system.
The medical information system makes the emergency staff follow the related forms according to the sequence of S1 = {{T1. 
Icon Selection Process for the User Interfaces
Graphical user interfaces (GUIs) allow users to operate visually. These interfaces often use icons to reduce system complexity and assist users to interact with the system easily (Lodding, 1983) . Unless the icons are meaningful, they may cause unexpected menu selection errors resulting in serious problems especially in healthcare related applications.
The primary reasons of broad use of icons in many applications are as follows;
1. Icons can be recognized and remembered easily (Weidenbeck, 1999 ). 2. Icons have more universal recognition than textual information (Lodding, 1983 ). 3. Icons provide better cognitive affordance (Gaver, 1991 ). 4. End users prefer iconic interface rather than textual interfaces (Nielsen, 1990) .
In this study, the medical information system used iconic GUIs. The icons for each task were designed by the actual users' participation to the process. Every icon represented a task identified in the previous section. The participatory icon design process is a procedural design alternative and believed that it will be useful and effective while developing the medical information system. The primary objective of the participatory icon design was determining identifiable icons for the system with users.
Procedure
Two experiments were conducted with two different groups of users in the icon design. In the first experiment, twenty-three tasks were introduced to the seventy-eight healthcare staff (42 physicians, 36 nurses -52 female, 28 male), asking them to sketch a figure representing the each task. Participants ranged in age from 23 to 58 years (M = 31.4, SD = 7.9). Eighty-five participants reported being familiar with computer icons. The most frequently sketched figures for each task were selected for design. Consistency and simplicity were two main principles. Each icon was individually examined by the experts and modified or redesigned if necessary.
In the second experiment, another survey was designed and performed to explore user understanding about the designed icons from the first experiment. The purpose is examining whether users can understand and distinguish the icons properly. Twenty-eight medical personnel, who had not participated in the previous experiment, were selected to test the icon designs. Sixty-five percent of the participants were physicians with the remainder being nurses (10 males, and 18 females). Participant ages ranged from 34 to 61 years (M = 44.5, SD = 6.5). They all reported having computer experience and being familiar with GUI systems. A questionnaire was designed to explore the understandability of the icons by the exact system users. The participants were asked to match the icons to the correct tasks to investigate perceived understandability. Some of the icons were also modified based on findings from the second experiment. Table 3 below shows the list of tasks and the final icons designed for each task. 
Results
Menu and GUI Design
Initially, before applying the findings to the computer environment, the menu hierarchy and the menu items were decided by user participation. Paper prototypes were drawn and evaluated by physicians and nurses. The menu design and structure are concluded by integrating SOAP (Subjective, Objective, Assessment, and Plan) methodology which is an accepted method for making notes for the problemoriented records.
Figure 1. SOAP Menu System
S stands for subjective data collected from the patient or family members; O refers to objective data obtained by observation or testing; A relates to the assessment of the patient's current situation and progress made throughout the treatment; and P represents the actual care plan.
The GUIs were directly copied from the paperforms that used in the emergency service of the pilot hospital. Additionally, GUIs were modeled by using the inputs taken from physicians and nurses. In the existing system, the information was written manually on the printed emergency service forms and was textually saved to the system in local area environment.
GUIs for the system were designed by applying the participatory designed icons. The web-based medical information system was developed in Microsoft .NET Studio and ORACLE database. Two different prototypes having limited functionality were developed with different interface design layouts. Twenty physicians were asked to vote for the one that they performed after they used both applications freely. We asked them to think aloud their intensions. Discussion sessions were conducted with the participants and the project team where new ideas were collected to improve the application quality. Figure 2 shows the snapshot of the interface that was voted on by 70% of the participants. The text and icons were used together in this layout.
Subtasks were designed to be displayed when the main category is clicked. Although the combined presentation of icon and text requires more space on the screen and additional cognitive process of users, it was believed more practical and effective alternative interface design (Cheng and Patterson, 2007 ).
Initial Evaluation Phase
The healthcare industry is investing in information technology to improve efficiency and quality of service to the patients, and reduce cost. Several computer applications, developed without considering the current guidelines, failed to pass the standard usability test. Therefore, cost and time are increased. In the case of human health, everything should be optimized. Several researchers conducted various studies about usability of computerized systems. Related papers have shown that identifying the interaction problems early in the development life cycle would shorten the development phase, reduce long-term service costs, and save money (Wolf and Karat, 1997) . Usability guidelines have a long history in software development. The use of usability evaluation often and early in development life cycle is significant to ensure the development of an effective, efficient, and useful final product (Edwards et al, 2008) . More recently, guidelines became widely accepted as the basis of usability inspections. The medical information system was evaluated by Heuristic Evaluation in the early design phase. In this study, even in the evaluation phase, development improved continuously.
Heuristic Evaluation
Heuristic Evaluation (HE) is a usability engineering method which used to identify interaction problems with the computerized applications at the early assessment stage (Nielsen, 1994) . It is also called as "discount usability engineering". HE is a usability inspection method which includes usability experts' work with a system to detect potential usability problems. A small group of evaluators test the GUIs and decide whether the interface satisfies the end users. Nielsen indicated that using three to five evaluators can detect most usability problems. The most important advantages of HE are the lower cost, no need to an advanced planning requirement, using in the early development process, and the motivation of the involved people. A disadvantage is that it sometimes identifies usability problems without providing direct suggestions for solving them. The method is biased by the current mindset of the evaluators.
Usability experts review a system by using the 10 general guidelines listed below (Nielsen, 1994 );
Visibility of the system status:
The system should always keep users informed what is going on with simple and natural dialog.
2. Match between system and the real world: The system should speak the user's language.
3. User control and freedom: If the user makes a mistake, there should be an exit to provide the freedom in the system.
4. Consistency: User should not have to wonder whether different words, situations or actions mean the same thing. The GUIs should be designed consistently.
5. Error prevention: The GUIs should be designed carefully which prevents a problem before it occurs.
6. Recognition rather than recall: The users' memory load must be minimized by making instructions for using the system visible or easily retrievable whenever appropriate.
7. Flexibility and efficiency of use: Provide shortcuts which will be useful for the experienced users in general.
8. Aesthetic and minimalist design: Dialogues should not contain information which is irrelevant or rarely needed.
9. Help users recognize, diagnose, and recover from errors: Provide good and easy to understand error messages.
10. Help and documentation: Provide simple and easy to use help and documentation. It is better if the system works without a help. The information that user looks for should be easy to search.
Methods
A usability expert (UE) team was established to evaluate the initial system using Nielsen's ten heuristics. The team consisted of five evaluators with a background and education in usability theory and practice. The experts' team was given a brief explanation about the system, the environment in which the system is supposed to be used and the potential users. All the UEs had been involved healthcare related software projects previously.
The evaluation by the UEs took one week with one hour-long sessions daily. Several scenarios were given for each session to the experts to make them perform specific tasks using the initial system. It was not mandatory to follow the exact scenarios; they were also free to use the system. They attended to the sessions individually. During the evaluations, each evaluator was asked to document any usability issues or interaction problems they identified, and make suggestions. The results were discussed by the whole evaluation team after individual sessions. A final list of interaction problems, usability issues, and useful features with recommendations by each evaluator was prepared by the entire team.
Findings by the UEs
An initial prototype with full functionality was developed with actual user participation. The system was coded and transferred to computer environment after preparing the paper prototypes. Then as the initial evaluation, Nielsen's ten heuristics were implemented, and an experiment conducted with external usability experts. The evaluation team prepared a list which consisted of eighty-two issues including the usability problems, and the usable features of the system. Nineteen issues were technical bugs in the test environment, and twenty-six issues were positive. The technical bugs and the positive features were documented for the software development team. Therefore, thirty-six usability problems were identified in the initial evaluation test. Seven issues were directly related to the general navigation and layout. Six issues were identified as the consistency of the GUIs. For instance, there is "next" button for each screen. The position of the button was sometimes up, sometimes it was located at down. So, "next" button was used at the same position for every GUI. Five issues were categorized under flexibility, and three were about the system language. Evaluators could not understand some medical terms used in the software but the terms were decided by healthcare staff. Therefore, the issues related with system language were skipped because International Journal of Digital Content Technology and its Applications Volume 4, Number 1, February 2010 they are understandable by the physicians and nurses. It is better to design the system which provides easy recover from the errors which can be categorized under the flexibility category. There were four problems with the documentation and help. The evaluators indicated that it was not easy to locate information that they are looking for in the "Help" menu. The implementation team was informed to improve "Help" option. Seven issues were about the unidentified controls. The links used on the GUIs should be easily recognized by the end users. Finally, there were four complaints about the error messages. Error messages should be written more clearly and it is not necessary to show the unique message code on the screen. The error messages can be too technical for regular users, so we modified them.
Final Development
A medical information system for Tablet PC which occupies icons on the GUIs was developed as the final product. The existing instruments were used while developing the system such as the printed forms. The menu systems were designed for both gathering feedback from physicians and nurses without any guidance. The reactions and motivations of the users were taken into consideration on the system. Initial prototype was evaluated and analyzed by external usability experts. UEs prepared a list of usability issues after performing with the application in evaluation sessions under control. They used heuristic evaluation method while documenting their findings. The initial application was improved by the development team according to the findings from heuristic evaluation. For instance, the GUIs were redesigned more consistently. The information on each screen was simplified and all irrelevant components were removed. The medical terminology used in the application was checked again and proofreads were completed by the users. Since the users can make any errors on functional frequencies, the application is capable of directing the user to reach the required screen. Objects, actions and options are planned by visual anxieties and the users are not forced to remember any data from the previous forms. This means that users are encouraged to drive system methods with greater freedom, minimizing the cognitive load. Forms and dialog boxes which include rare and unnecessary data were deleted to provide an esthetic and minimal design. The units of data-entry boxes were decreased in each form. Detailed description and suggestions for error handling were supplied for the users for reducing the potential errors. An easy to use "Help" menu was provided to the users with a simple access. Figure 3 shows the selected GUIs of the medical information system that we developed as final prototype. The system language was originally Turkish but was translated to English. There are twenty-three tasks, categorized into five main groups based on their similarities and priorities. "General Information" consists of "Patient Identification", "Family Medical History", "Contact Information", "Religion", and "Translator"; "Health History" consists of "Previous Disease Record", "Previous Surgeries Record", "Addiction", "Medicine", and "Allergy"; "Arrival Information" consists of "Arrival Method", "Triage", "Violence", "Arrival Complaints", "Vital Symptoms", "Functional "Efficiency", "Pain", and "Mood"; "Treatment Information" consists of "Required Inspection" and "Requests and Applications"; "Observations" consists of "Doctor Observations", "Nurse Observations", and "Discharge Observations". There are two main parts showing the GUI design principles. Left hand side of the screen includes the main navigation with task names and corresponding icons. Right hand side of the screen presents the data entry forms which dynamically changes based on the selected task. There is a task sequence which means user can not move to the next form without filling the currently performing one. The "next" button saves the entered data and allows user to move to the next form. The "cancel" button next to it ends the data entry transaction.
Every user had their own username and password. When the software is started for the first time, user is asked to enter their username and password correctly to access the actual content. The user can be registered by Registration form and approved by the system administrator.
Usability Test
Users Study
The medical information system was evaluated for the last time by the healthcare staff for task completion time and accuracy. We organized two evaluation sessions and same subjects were asked to attend to both. We tried to observe whether there is an improvement in the performance of the participants or not. Additionally, a survey was conducted to evaluate the subjective usability of the system with the same participants.
Subjects
Five nurses selected from the emergency service of the hospital, and participated in the experiment. Average age of the participants was thirty-two years and all were females. Four were reported as having familiarity with the computer icons on the Internet and the applications compatible with the personal computers, mobile devices, or web. Only one of the participants had used a Tablet PC before.
Methods
A scenario was prepared for each participant, which asked them to input the given data to the medical information system by Tablet PC as fast and accurate as they can. Each participant attended two sessions. Sessions took about thirty minutes and participants attended individually with a person from the team who worked as the observer and instructor. Each session was recorded by a camera. Brief information was provided to the nurses before they start to perform tasks by the software. Their demographic information was collected. We observed the experiment and took notes. The system was evaluated for task completion time and the task accuracy. In addition, the participants completed a survey to gather subjective information about the usability of the system.
Test Results
The test results present data about the user performances with the system, and the perceived evaluation by the participants. Users' mental efforts were measured, with operational complexities included in the process. All the scenarios start with task T1.1 and ends with task T4.2. The data entry can be done individually by a nurse until task T4.2. The remaining tasks require others' opinions. Also in the existing system with papers, the staff in healthcare staff was collecting the information related to these tasks initially when the patient first arrives to emergency service.
The accuracy of data input was 100% by six nurses for both evaluation sessions. Table 3 shows the task completion time and the average time for each category of tasks at the first evaluation. The worst
performance was shown by P1 and she completed the scenario by using our system in 452 seconds (7 minutes 32 seconds). P5 completed the scenario in 278 seconds (4 minutes 38 seconds) and made the best performance. P5 is the one who is experienced with Tablet PC before and using computers 6 hours per day as average. Among all participants, P1 is the most novice user based on the demographic information collected before the experiment. Table 4 shows the total and average performance time of each participant at the second session. The time difference between two sessions is only one day. The purpose of the second experiment is observing whether there is a difference or not between the performances of participants. It is predicted there will be improvement in the performance or at least not a worse performance time. The task completion accuracy was again 100% at the session 2. The worst performance was shown by P1 and she completed the scenario by using our system in 434 seconds (7 minutes 14 seconds). P5 completed the scenario in 275 seconds (4 minutes 35 seconds) and made the best performance. As in the first session, same participants made the best and worst performance for task completion at the second session. Their performance is directly related to their experiences with the computers and applications. There is not a big difference between two experiments in task completion time. All the participants except P3 improved their performance around 10 seconds from the first sessions. P3 reduced her performance by increasing the completion time by 12 seconds. Figure 4 shows the total task completion time differences between first and second sessions for each participant. However, in the emergency service, the user performance is directly related to the patients' information sharing speed and condition. The experiments in this study were conducted in laboratory environment and ready data was provided for the participants. The user performances should be collected on-site in real situations but it is not easy to do that because human health is important.. After discussions in project team, we did not want to do it with real patients in real cases at the emergency service. 
#6
The system is easy to use. (EASE OF USE -EUSE) 3.8
#7
The system is easy to learn. (EASE OF LEARN -ELRN) 3.6
#8
The system prevents user to make more errors. (ERROR PREVENTION -ERR) 4.4
#9
The system satisfies me. (SATISFACTION -SATI) 4.2
#10
The system is more useful than the existing pen -paper system. (USEFULNESS -USEF)
3.6
A survey was conducted with the participants for the subjective evaluation of the medical information system. After the second session of the experiment, five nurses were asked to fill in the survey. They survey includes ten items, and prepared by the project team after reviewing the literature in related studies. Five points-likert scales are used to evaluate each item in the survey from 1 as "strongly disagree" up to 5 as "strongly agree". Table 5 shows the items and the mean values for each item according to the scores given by the nurses.
Especially, it is positive to see that participants believe the forms from the previous system transferred to the new computerized medical information system. It is accepted the GUI design is simple, and visual components such as icons are helpful for the end users. The participatory icon design process improved the understandability of the icons used in the software. While performing the scenarios, we asked to the subjects to make comments about the system if they think it is necessary. Four of the nurses declared the data entry should be more flexible. The system doesn't allow user to navigate freely between forms while entering new patient information. The reason is preventing the user to make some errors, and it is one of the findings in the heuristic evaluation phase. Therefore, although the nurses declared their frustration, we continued with the same restriction. When the data entry process is ended for new patient, the user is allowed to navigate between forms without any limitation. It is possible to say the users who have better experience with the mobile devices and the mobile applications have better performances in task completion time and the survey. That's why users pointed item #6 (easy to use) relatively lower, and item #8 (prevent errors) higher. It proves the correctness of our choice.
The data collected in the subjective evaluation are relatively acceptable for the medical information system. The system satisfied this group of end users. Participatory development obviously increased the system success.
ISO 9241 Usability Metrics
The usability in ISO 9241 is defined as "the capability in human functional terms to be used easily and effortlessly by the specified range of users, given specified training and user support, to fulfill the specified range of tasks, within the specified range of environmental scenarios" (Bennett, 1984) .
The measurable characteristics of usability are efficiency, effectiveness, satisfaction, acceptance, comfort, completeness, and accuracy. Effectiveness represents how well the user achieve their goals in the system; efficiency means what resources are consumed to complete tasks; and satisfaction points how the users feel about the system (Wixon and Wilson, 1997) .
Twenty one criteria are used to measure the usability and the possible ways to set the worst/best case and planned/now-level targets. These measurements are the usability metrics. The following list shows the results when we evaluate the iconic medical information system by ISO 9241 usability metrics.
Time to complete a task:
A scenario was provided to the subject in the evaluation session. Average completion time of the procedure is 351 seconds (5 minutes 51 seconds). Minimum completion time is 4 minutes 37 seconds and maximum completion time is 7 minutes 14 seconds. In the experiment, a ready paper with the information required was given to the subjects, and they completed the scenario in the laboratory environment. Therefore, it is not as easy and fast as doing the same job at the emergency service in real environment. There are several parameters that can affect the data entry process onsite.
Percent of task completed:
All nurses completed the test procedure. There were no technical problems. Procedure applicability is measured as 100%.
Percent of task completed per unit time:
A task completion time is almost 6 minutes as average. If one minute is considered as the unit time, the ratio is nearly one-sixth. 4 . Ratio of success to failures: All nurses have completed the scenario successfully.
Time spent in errors:
Average time spent for the each error is 12 seconds. P5, P4, and P3 didn't cause any error while performing the system. 6. Percent or number of errors: Nurses completed the scenario without encountering a serious error. Only P1 and P2 tried to pass some forms without filling mandatory inputs but the system didn't allow it.
7. Percent or number of competitors better than it: Five nurses completed the given scenario successfully. There are differences for task completion time between participants. P1 is the least; P5 is the most successful participant.
8. The number of commands used: In the scenario, the users were asked to fill in twenty-three forms. d2. Click on the "Cancel" to end transaction, and go back to the previous form.
9. Frequency of help and documentation use: Only two participants used the help option three times. P5 clicked on the "Help" but not to use it. She declared that she wants to check how it is presented. Help and documentation provided in the system was satisfactory for the participants.
10. Percent of favorable/unfavorable user comments: 80% of the participants commented in the favor of the system. Only one participant was not sure about using a Tablet PC for emergency service. She complained about the weight of the device.
11. Number of repetitions of failed commands: Average number of repetition of the failed command was only two.
12. Number of runs of success and failures: All commands used in the experiment were correctly worked, and matched with the expected functions.
13. Number of times the interface mislead the user: The GUIs do not mislead the user. It is one of the principles of our interface designing. The GUIs are designed using simple principles having limited functionality for each form.
14. Number of good and bad features recalled by user: The number of good features were recalled as six and bad features as two without duplication.
15. Number of available command not invoked: All the available commands in the system are required to use. Only "Help" is optional.
16. Number of regressive behavior: Number of regressive behavior is observed as three.
17. Number of users preferring your system: Three of five participants declared they strongly prefer to use our system. The other two also declared they prefer to use but they are also comfortable with the previous system.
18. Number of times or average number of users need to work around a problem: The participants didn't face with serious problems or errors. Average time spent for the errors is 12 seconds.
19. Number of times the user is disrupted from a task: None of the users stopped the scenario and all of them finished it with different durations.
20. Number of times user loses control of the system: The system doesn't allow the users to lose control, especially in new patient data entry. The task sequence should be strictly followed. The navigation is designed simply.
21: Number of times user expresses frustration of satisfaction: P1 disappointed with the data entry process because she tried to start from the middle of the task sequence. Even she was informed about the restrictions before the experiment, she tried to do it.
The system doesn't allow it. Users can complete the forms one by one in the data entry process.
The system was evaluated according to the twentyone parameters of the ISO 9241 usability standard. The results show the system is successfully developed and implemented. In the development phase, ISO 9241 usability metrics were considered which increased the effectiveness, efficiency, acceptability, and comfort of the iconic medical information system.
Conclusion
In this study, an iconic medical information system for Tablet PC was developed by implementing usercentered development methodology. The mobility of the healthcare staff in emergency service is crucial to gather specific information. The users directly attended the development, and evaluation phases. The system was initially evaluated by Nielsen's ten heuristics, and then redesigned according to the findings. The final product was finally evaluated for task completion time, accuracy, and ISO 9241 usability metrics.
Icons are widely utilized for the Internet and computer systems. That's why we decided to occupy icons as the main visual component in the GUIs. Many iconic interfaces used on the web-sites are important for the proper functionality of the system. Icons in computer environment should be designed carefully, and simply to be identifiable, otherwise ambiguity would increase and various problems can be provoked. The icons which are designed properly by participatory activities would improve the performance of end-users. In this study, the results show that participatory icon design increased the success of the system. It was observed that tracking records electronically can reduce the volume of problems. The need for simplified forms with less elements and lower complexity has aroused during the development phase. Therefore, the interfaces were simplified as each interface has related data entry fields. The irrelevant information was deleted and similar tasks were categorized under a common title to minimize the cognitive load.
There is trade-off between the use of Tablet PC and system adoption and performance. The difficulties with the Tablet PC were stated by the participants and included the heavy weight, and large size. It is certain that most of the physicians and nurses said that they are good to go with the Tablet PC after a couple of trials. Using virtual keyboard for the input method caused some interaction problems. That's why more selection elements were used in the interfaces to reduce the virtual keyboard negative effect. Connecting a USB Yucel Batu Salman, Hong-In Cheng, Ji Young Kim, Patrick E. Patterson keyboard to the device increased the task completion time of the users.
All the forms and data from the previous pen and paper system were transferred to the electronic environment.
The findings from the usability evaluation are encouraging for our medical information system. We found the user-centered development process is also useful for medical information system to reduce system complexity and increase usability. Further, a similar system with handwriting recognition for Turkish character set can be studied for better usability and faster data input process.
A mobile medical information system was studied that employed Wireless Application Protocol (WAP) which is arranged only for the use of physicians to monitor the patients' conditions anywhere and anytime (Salman and Karahoca, 2006) . Both of these applications can be effective when they are used together in increasing the quality of service in the hospitals.
